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Executive summary 

The Workshop on egg staging, fecundity, and atresia in horse mackerel and mackerel 
(WKFATHOM) met twice in 2018. The first meeting was from 8 to 12 October in Brem-
erhaven, Germany, to calibrate egg sorting, staging and identification. The second 
meeting was from 19 until 23 November in IJmuiden, The Netherlands, to calibrate 
fecundity and atresia estimation and to standardize analysis for the DEPM method. 

The ‘spray technique’ for the removal of fish eggs from preserved plankton samples 
was again tested and shown to inexperienced participants. The technique was also 
evaluated for its proposed suitability to separate hake eggs from other eggs in the sam-
ples, because hake eggs appear to remain buoyant with the other plankton and do not 
sink.  

The majority of the time at the workshop was spent identifying and staging mackerel, 
horse mackerel and similar eggs. The results promoted discussion and highlighted spe-
cific problem areas. These discussions led to the further development of standard pro-
tocols, and enhancements to the species and stage descriptions. The results were very 
reassuring and with respect to the staging even better than those obtained at the 2015 
workshop. For the experts there was an underestimate of stage 1 mackerel eggs (stages 
1a and 1b combined) during the first round of analysis (-2%) and a 1% overestimation 
during the second round. The results for stage 1 horse mackerel eggs were 1% and 2% 
overestimation for round 1 and 2, respectively, for the experts. This is particularly re-
assuring as it is this stage on which the egg production estimates are based upon. 

The screening, fecundity and atresia calibration proved beneficial to all participants. 
Particularly when % of non-agreement in exercises is high. For screening, clarification 
in the differentiation between the hydration and egg stages was necessary as well as 
classification of spent ovaries and massive atresia. For atresia, estimation problems oc-
curred basically when the methodological routine was not correctly applied. After dis-
cussions, the manual has been improved. There was agreement on identification of vi-
tellogenic and early alpha atretic oocytes. A few key features were agreed to define the 
transition of POF stages, but POF staging remains difficult. Further POF Stagging ring 
test among participants is required. 

As the mackerel and horse mackerel egg surveys are carried out once every three years, 
these workshops are a refresher for expert survey participants and a first acquaintance 
for new participants in the sample analyses. It should however be realized that a one 
week workshop for either egg staging or fecundity analysis is not sufficient to train 
new participants. Institutes should allow newcomers to be thoroughly trained but also 
encourage more experienced participants to brush up on their knowledge properly be-
fore the survey. 
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1 Opening of the meeting 

The Working Group on Egg staging, Fecundity and Atresia in Horse mackerel and 
Mackerel (WKFATHOM) met 08 - 12 October 2018 in Bremerhaven, Germany and 19 - 
23 November 2018 in Ĳmuiden, The Netherlands. 24 participants from 10 countries 
(representing 11 different institutes) participated in the October meeting. 18 partici-
pants from 7 countries (representing 8 different institutes) participated in the Novem-
ber meeting. The participant lists can be found in Annex 1. 

1.1 Background 

In preparation for the 2019 international ICES coordinated mackerel (Scomber scombrus) 
and horse mackerel (Trachurus trachurus) egg survey, two workshops were held to 
standardize and calibrate the identification and staging of eggs and the estimation of 
fecundity. 

The first workshop was held at TI-SF, Bremerhaven, Germany, for the majority of 
plankton analysts who will be involved in the 2019 survey. The aims of the workshop 
were to standardize procedures and produce definitive criteria for the identification 
and staging of mackerel and horse mackerel eggs. The workshop also investigated the 
reasons for individual differences in the identification and staging of mackerel and 
horse mackerel eggs and attempted to harmonize these. Evaluation of the use of the 
‘spray’ technique, for removing fish eggs from plankton samples but also to separate 
hake eggs from other eggs, was carried out. 

To enable the calculation of the numbers of spawning female fish in a stock by the 
Annual Egg Production Method (AEPM; Lockwood et al., 1981, Armstrong et al., 2001) 
or Daily Egg Production Method (DEPM; Lasker, 1985) it is essential to correctly iden-
tify (both in terms of species and age) the number of freshly spawned eggs, i.e. the eggs 
in development stages IA and IB, and to distinguish these from eggs in later stages of 
development but also from other species of the same stages. It is therefore vital that the 
analysts involved with sorting, identification and staging of mackerel and horse 
mackerel eggs from the triennial egg surveys are able to accurately identify and stage 
the eggs of each of the target species (ICES, 2015a). These workshops (WKFATHOM) 
were designed to bring the analysts together to develop consistent criteria for the iden-
tification and staging of the eggs, and to discuss how to overcome the practical prob-
lems encountered whilst doing so. Previous workshops (ICES, 2001; 2004; 2006; 2009; 
2012; 2015b) have developed a comprehensive set of criteria for both mackerel and 
horse mackerel egg identification and staging. These criteria were reviewed during the 
2018 workshop. With the exception of ling, no additions or changes were considered 
necessary for the identification criteria of both egg stage and species. For ling eggs, 
only a remark on the ambient temperatures where these eggs are most likely to occure 
was added. In addition, inexperienced analysts were involved for the first time, and it 
was critical that they became fully aware of the procedures and criteria in advance of 
the 2019 surveys in the Northeast Atlantic as well as in the 2020 surveys in the North 
Sea. 

In addition to the correct identification of spawned eggs it is vital for egg production 
methods (EPM) to have a good estimation of potential fecundity, batch fecundity, atre-
sia and spawning fraction in order to estimate Spawning-stock biomass (SSB). In order 
to calibrate estimations of fecundity and atresia a second workshop took place at  Wa-
geningen Marine Research, The Netherlands. Methods and criteria developed in pre-
vious workshops (ICES, 2006, 2009, 2012, 2015b) were expanded and further developed 
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during this workshop. Also inexperienced analysts were taught how to correctly iden-
tify vitellogenic and atretic oocytes and how to estimate fecundity and atresia. 

1.2 Terms of Reference 

The terms of reference for the meetings were: 

a) Carry out comparative plankton sorting trials on typical survey samples. This 
should follow the pattern of trial – analysis – retrial – identification of problem 
areas; 

b) Carry out a comparative egg staging trial for mackerel and horse mackerel eggs 
following the pattern used in the 2009 egg staging workshop; 

c) Update a set of standard pictures and descriptions for species identification and 
egg staging; 

d) Review available documentation on identifying eggs to species and define 
standard protocols; 

e) Carry out inter-calibration work on fecundity and atresia determination and 
POFs staging; 

f) Update a set of standard pictures for both oocytes and POFs stages; 

g) Harmonize the analysis and interpretation of fecundity and atresia samples; 

h) Review the methodology in use and available documentation on fecundity de-
termination in order to redefine the standard protocols. 
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2 Adoption of the agenda 

The agendas addressed all ToRs and were adopted without changes. The agendas can 
be found in Annex 2. 
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3 Materials and methods 

3.1 Egg sorting trials (ToR a) 

As a result of the egg sorting trials conducted during the previous workshops, most 
participating institutes are now using the ‘spray technique’ for routinely removing fish 
eggs from plankton samples (Eltink, 2007). Ulleweit et al. (2017) showed in a working 
document presented at the WGMEGS meeting in 2017 that hake (Merluccius merluccius) 
and also pearside (Maurolicus muelleri) eggs remain afloat among the rest of the plank-
ton and cannot be removed by this technique. However, the spray technique could, 
thus, be used to separate hake eggs from mackerel and horse mackerel eggs. The spray 
method is described in detail in Eltink ( 2007) and the Manual for the mackerel and 
horse mackerel egg survey (ICES, 2019) 

In an attempt to standardize and teach inexperienced participants the ‘spray technique’ 
two plankton samples (typical plankton from the 2016 survey) were prepared, each 
containing a known number of fish eggs. All participants, in groups of two, were asked 
to undertake the following procedure twice during the workshop to remove and count 
the eggs from the prepared samples. 

The spray sorting exercise consisted of two rounds of two or three people per team. 
The spraying was repeated three times in each round. The numbers of eggs removed 
after each spraying and those eggs remaining in the plankton were counted using a 
binocular microscope.  

The sample was then fully sorted using a binocular microscope, to remove any remaining eggs 
from the plankton. The eggs in the plankton sample were a mix of mackerel and hake eggs. The 
numbers of eggs removed after each spraying and those eggs remaining in the plankton were 
counted, and the results are presented in Table 4.1.1. 
In addition, because hake eggs (Merluccius merluccius) are morphologically similar to 
those of mackerel and horse mackerel the Surface Adhesion Test (SAT) was applied in 
order to discriminate hake from other sorted fish eggs. The SAT procedure is fully de-
scribed in Porebski (1975) and Coombs (1994). 

During the first round, the SAT was performed after each spraying. However, due to 
time constraints, during the second round some the SAT was only applied at the end 
of the full sorting exercise by some participants. 

3.2 Egg staging (ToR b, c and d) 

 Egg staging trials 

A total of 540 mackerel, horse mackerel and hake (Merluccius merluccius) eggs as well 
as other species, which can be found in egg survey samples, were placed in 20 small, 
Perspex trays. Each tray contained 25 small wells but only the first 15 wells for the first 
round and 12 well for the second round were used to hold one egg each. Each tray was 
numbered and placed on the stage of a stereo-zoom microscope. The rows and columns 
of each tray were labelled so that the position of each individual egg could be identi-
fied. During the first round 300 eggs were staged by participants, while the second 
round the number of eggs was decreased to 240. The number of validated eggs was 
low for all of the species, in particular for horse mackerel, where also the total number 
of eggs, validated and unvalidated, was low.  Unvalidated eggs were taken from the 
2013, 2016 Atlantic and 2017 North Sea mackerel egg surveys. Some of the validated 
eggs also had known stages. The eggs were mainly those of mackerel and horse macke-
rel with a few hake eggs, which are morphologically similar to those of the two target 
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species. It was hoped that these definitive eggs, of known parentage, would allow par-
ticipants' species identification to be judged more consistently. The eggs were selected 
at random with the intention of providing the full range of egg stages, but with greater 
emphasis on stage 1 eggs on which the estimates of SSB are based. However, because 
of the low availability of eggs, validated or not, of all species, not all egg stages were 
represented in all species. All participants were asked to stage all eggs, irrespective of 
species. The mackerel eggs in each tray were staged to IA, IB, II, III, IV, V and the horse 
mackerel and hake eggs were staged to IA, IB, II, III, IV, as horse mackerel and hake 
larvae hatch before the eggs reach stage V. Due to the fact that computers can only 
calculate with numeric values, stage IA was changed to 0 and stage IB to 1 in the result 
tables. 

Each participant moved from one microscope to another in order to complete the stag-
ing and identification of all eggs. In this way, the results of the egg stage readers were 
not affected by differences in the quality of the microscopes. There were, however, lim-
itations to the quality of the transmitted light source provided by two microscopes. All 
microscopes were fitted with eyepiece graticules. 

Once each participant had staged and identified each of the eggs and the results had 
been entered into a result spreadsheet, a full discussion on egg staging and identifica-
tion took place. From the analysis of the first set of results it became apparent which 
individual eggs had resulted in high or low agreement of allocated stage. Low agree-
ment amongst participants indicated problems in allocating an egg consistently to one 
developmental stage. These eggs were then placed under a microscope equipped with 
a video camera and displayed on a large screen. Discussions then took place on the 
diagnostic features visible in the egg, which generally led to an agreement on the most 
likely developmental stage and/or species involved. In this way, the egg staging criteria 
(ICES, 2015b) were reviewed (see section 3.2.2). 

During the course of both rounds of analysis several eggs became damaged, or were 
moved from one cell to another in the trays. It was therefore not possible for all partic-
ipants to always stage or identify each egg. Before the second round of analysis began, 
another set of eggs was randomly placed in the trays. This provided a different mix of 
species and stages and prevented a direct comparison between the first and second 
round of results. However, the lessons learned during the first round of analysis and 
subsequent discussions would, hopefully, still be reflected in the second round results. 

 Egg staging criteria 

3.2.2.1 Egg staging criteria for mackerel and horse mackerel (Western stock) 

On account of discussions following the first and second round of egg staging, the par-
ticipants reviewed the description of the developmental stages for mackerel, horse 
mackerel, hake and megrim. The primary characteristics are based on those presented 
in Lockwood et al. (1977) for mackerel (Figures 3.1 and 3.2), but also include some other 
(secondary) characteristics, which the participants of the previous workshops thought 
were crucial in determining egg stage. At this workshop it was decided that the de-
scriptions don’t need a further update. Figures 3.3 and 3.4 show the development 
stages for horse mackerel and figure 3.5 provides some development stages for hake 
eggs. 

Participants should be aware that both horse mackerel and hake hatch at the end of 
stage 4.  
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Stage IA  

Primary characteristics: From fertilization until cleavage produces a cell bundle in 
which the individual cells are not visible.  

Secondary characteristics: There are no signs of a thickening of cells around the edge 
of the cell bundle.  

NB. In preserved eggs, the edge of the cell bundle can sometimes fold over giving the 
appearance of a 'signet ring' seen in a stage Ib. 

Stage IB  

Primary characteristics: Formation of the blastodisc, visible as a 'signet ring' and sub-
sequent thickening at one pole.  

Secondary characteristics: The cell bundle has thickened around the edge giving a dis-
tinct ring appearance. Cells in the centre of the ring form a progressively thinner layer 
and eventually disappear.  

NB. At the end of this stage, the ring can become very indistinct as it spreads towards 
the circumference of the egg.  

Stage II  

Primary characteristics:  From the first sign of the primitive streak, which begins as a 
cleft in the cell bundle, until closure of the blastopore. Towards the end of this stage 
the tail tapers and is flattened against the yolk. Also at the end of this stage, the embryo 
should be half way around the circumference of the egg.   

Secondary characteristics: Early in this stage, the primitive streak can be difficult to see, 
only appearing as a faint line or depression on the surface of the cell bundle. Late in 
this stage, the head is still narrow and the eyes are not well formed.  

Stage III  

Primary characteristics: The end of the tail has thickened, becoming bulbous in appear-
ance, and may have lifted clear of the yolk-sac. Growth of the embryo is from half way 
to three-quarters of the way around the circumference of the egg. 

Secondary characteristics: Widening of the head and development of the eyes. Pigment 
spots develop on the embryo.  

Stage IV  

Primary characteristics: Growth of the embryo from three-quarters to the full circum-
ference of the egg.  

Secondary characteristics: Eyes continue to develop and the lenses become visible. De-
velopment of the marginal fin and the tail separates from the yolk. Pigmentation on 
the embryo increases compared to stage 3.  

Stage V  

Primary characteristics: The tail of the embryo is touching the nose or beyond and cir-
cumnavigates the egg following the inner margin of the membrane.  

Secondary characteristics: Pigmentation develops in the eye.  

 

NB  
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The preservation of eggs can cause shrinkage and distortion of the embryo. Therefore, 
care should be taken when assessing the length of the embryo, as they do not always 
remain around the full circumference of the egg. The embryo may also become dis-
torted giving a false impression of development stage.  
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Early stage     Late stage 

 

Figure 3.1. Mackerel eggs at the beginning and end of the six development stages. 
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            Stage 1A   Stage 1B 

 

 
            Stage II                                                                           Stage III  

 

 
           Stage IV                                                                         Stage V  
Figure 3.2. Development stages of mackerel from fertilization experiments.  
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Stage IA or I  Stage IA or II  Stage IB or III  

 

 

 

 

 

 

Stage II or IV  Stage II or V  Stage III or VI  

 

 

 

 

 

 

Stage III or VII  Stage III or VIII  Stage IV or IX  

 

 

 

 

 

 

Stage IV or X  Stage IV or X  Stage IV or XI  

 

 

 

 

 

 
Figure 3.3. Development stages of horse mackerel from fertilization experiments. First stage 
number is the stage development used for the Western stock, second number is the stage de-

velopment used for the Southern stock. 
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Figure 3.4 Development stages of horse mackerel from fertilization experiments. 
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Late stage II        Early stage III 

 

 

    Late stage IV and hatching 
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Stage 1A   Stage 1A 

 Stage 1B           Stage II 
 

        
   

Stage III   Stage III 
Figure 3.5. Development stages of hake eggs from fertilization experiments. 
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3.3 Egg identification (ToR c, d and e) 

 Egg identification trials 

The same trays of fish eggs (described in section 3.2 above) were also used for the egg 
identification exercise. As each participant moved from microscope to microscope they 
were asked to provide a species identification for each egg, in addition to a develop-
ment stage. The descriptions of the different species from the 2015 workshop report 
(ICES, 2015b) was available to participants prior to the first staging round. 

The results of the first round of egg identifications were collated and input into spread-
sheets at the same time as the results for egg staging. The results were presented and 
eggs with low agreement in species identification were displayed on a large screen (as 
described in section 3.2 above). A discussion then took place until a consensus was 
reached on the most likely species identification for each of these eggs.  As a result of 
these discussions and before the second round of analysis was begun, a review of the 
egg identification criteria produced by previous WKFATHOM participants was car-
ried out. It was decided that the descriptions of the target and of most other very sim-
ilar species didn’t need to be udated in the survey manual. Howerver, there was a 
longer discussion on the possible confusion of eggs of mackerel with those of ling, par-
ticularly in the northern part of the survey area. An update on the problems with the 
discrimination of ling from mackerel eggs was added to the survey manual. 

 Egg identification criteria 

Egg and oil globule size are the primary criteria used in identification of eggs. Mackerel 
eggs range in size from 0.97 mm to 1.38 mm with the oil globule ranging from 0.22 to 
0.38 mm. Horse mackerel eggs range from 0.81 to 1.04 mm with an oil globule ranging 
from 0.19 to 0.28 mm. 

Table 3.1 summarizes published descriptions of mackerel, horse mackerel and other 
species of eggs that contain similar morphological features. It provides validated ob-
served egg and oil globule diameters for each species as well as the diagnostic features 
and criteria used by the participants to help with egg identification. It should be noted 
that the diameter of the egg and oil globule within a species can and may vary through 
the spawning season and also from area to area. Variation in egg size for the same 
species can also be observed within the same sample. 

Eggs may also show regional variations in pigmentation and this should not therefore 
be used as a primary characteristic for identification. Due to this variation, egg identi-
fication should be carried out only by experienced staff that have participated in the 
WKFATHOM egg identification and staging workshops carried out in the year prior 
to the survey year. 
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Table 3.1. Comparison of the Characteristics of Mackerel, Horse Mackerel, Blue Jack Mackerel, Megrim, Hake and Snipefish Eggs (Details of fixative and concentration 
unknown). NB The information in Table 9.2.1 above is based on observations of live or recently preserved eggs. It must be noted that preservation in formaldehyde grad-
ually destroys pigmentation and therefore observation of chromatophores may well be difficult in specimens, which have been preserved for any length of time. 

Species Diameter (mm) 

Egg                   Oil Globule 

Reference Area Diagnostic Features    

Mackerel 

(Scomber 
scombrus) 

 

(See Lockwood et 
al., 1977) 

1.0-1.38 0.28-0.35 Russell, 1976 North Sea, English 
Channel 

• Unsegmented/ Homogenous  yolk 
 

• Perivitelline space approx. 0.05mm 
 

• Oil globule often orientated to the top of 
the egg 

1.09-1.36 0.26-0.37 Fahay, 1983 N.W. Atlantic 

0.97-1.38 0.25-0.35 Ehrenbaum, 1905-09 Irish Sea, North Sea 

1.24 ? Mendiola et al., 2006 Biscay 

0.97-1.38 
0.22-0.38 

Development of 
Fishes of the Mid-At-
lantic Bight, 1978 

Mid-Atlantic Bight 

1.0-1.38 North Atlantic 

0.97-1.38 ? Johnstone, Scott and 
Chadwick, 1934 

Isle of Man 

1.21-1.33 ~0.32 Holt, 1893  West of Ireland 

1.16 0.27 IPIMAR, fertilization 
experiment 2008 

 

Horse Mackerel 

(Trachurus tra-
churus) 

 

0.81-1.04 0.19-0.28 Russell, 1976 North Sea, English 
Channel 

• Granular / segmented yolk, although this 
may not be as obvious at the southern 
end of the species range.  

• The oil globule migrates towards the head 
of the embryo after stage 2.  

1.03-1.09 0.26-0.27 Holt, 1898 North Sea 

0.81-0.93 0.22-0.23  Plymouth 



 

 

16  | ICES WKFATHOM2 REPORT 2018 
 
 

Species Diameter (mm) 

Egg                   Oil Globule 

Reference Area Diagnostic Features    

(See Pipe and 
Walker, 1987) 

0.84-1.04 0.19-0.24 Ehrenbaum, 1905-09 North Sea, English 
Channel 

• In stages 3 and 4 the embryos show 
stronger pigmentation compared to 
mackerel. However, the pigmentation is 
not as strong as in hake. 

• Oil globule easily broken into several 
smaller pieces. This seems to be more 
common in eggs found in the southern 
area, particularly in eggs from the Portu-
guese coast. 
 

Max. 0.84 0.24-0.26 Holt, 1893 English Channel 

Blue Jack Macke-
rel 

(Trachurus pictu-
ratus) 

0.98-1.10 0.19-0.31 IPIMAR, fertilization 
experiment 2010 
(Gonçalves et al., 
2012) 

W Portugal • Segmented yolk 

Megrim 

(Lepidorhombus 
whiffiagonis) 

1.02-1.22 0.25-0.30 Russell, 1976 North Sea, Irish Sea • Striated appearance of egg membrane*. 
(See below and Figure 3.7) 

• Oil globule is closer to egg membrane 
than in mackerel.  

1.07-1.22 0.25-0.30 Ehrenbaum, 1905-09 North Sea 

1.07-1.13 0.30 Holt, 1893 West of Ireland 
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Species Diameter (mm) 

Egg                   Oil Globule 

Reference Area Diagnostic Features    

1.08-1.30 0.29-0.34 CEFAS unpublished 
data 

Celtic Sea • Embryo thinner than a mackerel embryo.  
• Yolk unsegmented and the egg has a small 

perivitelline space.  
• Pigmentation on yolk from stage II on-

wards.  
• Pigment on oil globule as embryo devel-

ops 

 

*Striations can be observed on the mem-
branes of preserved eggs of other species. 
This can lead to misidentification of eggs 
which have been preserved for some time.  

Hake 

(Merluccius mer-
luccius) 

 

(See Coombs, 
1982) 

0.94-1.03 0.25-0.28 Russell, 1976 North Sea, English 
Channel, Mediterra-
nean 

• Positive surface adhesion test (SAT) is 
used to identify hake eggs (Porebski, 
1975) and (Coombs, 1994). 

• From stage III onwards embryos display 
strong pigmentation along the embryo. 
Towards the end of its development, the 
embryo begins to show the characteristic 
post-anal pigmentation of three bars.  

 

0.94-1.03  ~0.27 Ehrenbaum, 1905-09 North Sea, English 
Channel, Mediterra-
nean 

0.94-1.03 ~0.27 D’Ancona et al., 1956 ? 

1.10-1.16 0.27-0.35 Shaw, 2003 Celtic Sea 
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Species Diameter (mm) 

Egg                   Oil Globule 

Reference Area Diagnostic Features    

Longspine Snipe-
fish 

(Macrorhampho-
sus scolopax) 

1.00 0.2 Development of 
Fishes of the Mid-At-
lantic Bight, 1978.  
U.S. Fish and Wild-
life service. 
FWS/OBS-78/12. 

Europe • Membrane is light amber with grainy re-
flections 

• Yolk with rose or violet halo depending on 
viewing light.  

• Oil globule is amber/rose in colour 

Lings 

(Molva spp.) 

0.97 – 1.13 0.28 – 0.31 Russell, 1976 North Sea • Unsegmented yolk 
• Pigmented oil globule 
• Pigmentation in later stage embryo is con-

centrated into 2 distinct lines that run all 
the way along the back. 

• Most likely to occur in temperatures < 8.5 
°C 
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Figure 3.6. Eggs of megrim, showing the striations on the membrane. 

 Misclassification of mackerel and horse mackerel eggs in ICES Division IXa 

In the southern part of the area of the triennial mackerel and horse mackerel egg survey 
different species of mackerel (Scomber scombrus and S. colias) and horse mackerel (Tra-
churus trachurus, T. mediterraneus and T. picturatus) occur. The species of each genus 
show overlapping distributions and spawning periods and their eggs are similar in 
morphology. In order to help in the identification of these species, descriptions of mor-
phometric characteristics of these eggs and the most relevant aspects for their identifi-
cation are given below:  

Trachurus mediterraneus  

• Egg diameter: 1.00–1.04 mm  

• Oil globule: 0.24 mm  

• Description: Pelagic eggs, spherical, transparent. No perivitelline space. 
Oil globule colourless. Fine striated membrane (Padoa, 1956).  

• Eggs are similar to Trachurus trachurus, but a bit bigger.  

• Distribution of adults appears in the reports of ICES-WGACEGG.  

 

Trachurus picturatus  

Description and measurements based on eggs from a single artificial fertilization ex-
periment carried out in 2010 by IPMA (Figure 3.7).  

• Pelagic, spherical and transparent eggs with a small perivitelline space. 
The yolk-sac is segmented. A single yellow oil globule is located towards the posterior 
portion of the yolk. In the early embryo, two rows of spots appear along the dorsal 
body contour.  

• Eggs are very similar to the eggs of Trachurus trachurus. The T. picturatus 
eggs from the 2010 fertilization experiment were slightly larger than the eggs of T. tra-
churus described in the literature and exhibited a more intense pigmentation.  

• Egg diameter: 0.98 – 1.10 mm  

• Oil globule: 0.19 – 0.31 mm  
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Figure 3.7. Eggs of Trachurus picturatus from a fertilization experiment (IPMA, 2010) 

Scomber colias  

• The eggs are spherical, on average ranging in diameter from 1.06–1.14 
mm. Similar description was offered by Fahay (1983), with little differences in diameter 
range, which ranged from 1.06–1.36 mm.  

• Oil globule 0.26–0.37 mm in diameter. In the Pacific oil globules diame-
ters varies between 0.25 and 0.32 mm (Fritzsche, 1978).  

• Yolk is smooth, transparent and unsegmented and under magnification 
(x36) can be seen to be filled with a large number of tiny vacuoles. The only difference 
with S. scombrus is that the yolk is pigmented with several melanophores, while in S. 
scombrus eggs the yolk is pigmented just before hatching, when a spot per side appears 
just posterior to the head.  

• The perivitelline space is narrow.  

• In advanced stage of development both the dorsum of the embryo and 
the oil globule are pigmented, the latter on the hemisphere facing the head (Kramer, 
1960).  

• Distribution of adults appears in the reports of ICES-WGACEGG.  

 

Macroramphosus scolopax  

• Egg diameter: 1.0 mm  

• Oil globule: 0.20 mm  

• Description: Pelagic eggs, spherical, transparent, single oil globule. Yolk 
pigmentation is described as light amber; pigmentation of oil globule is amber-rose 
(Spartà, 1936). Eggs are similar to those of Trachurus trachurus but without yolk seg-
mentation.  

• For fish distributions see for example Marques et al. (2005).  

 

Boops boops  

• Egg diameter: 0.93 mm (based on eggs from artificial fertilization, 
IPMA, 2008, see Figure 3.8).  
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• Oil globule: 0.18 mm (based on eggs from artificial fertilization, IPMA, 
2008).  

• Description: Pelagic eggs, spherical. Single oil globule with melano-
phores (Gaetani, 1937).  

• Fish distribution is mapped in the reports of ICES-WGACEGG. 

 

 
Figure 3.8. Eggs of Boops boops from fertilization experiments (IPMA). 

3.4 Inter-calibration work on fecundity, atresia and POF staging (ToR e) 

The work was organized to calibrate the measurement and analysis of the parameters 
that are estimated in both ADEPM and DEPM respectively. 

Previous to the workshop participants were encouraged to download from the shared 
FTP all material that was going to be used during the workshop, i.e. pictures of histo-
logical slides, image processing program with the ObjectJ plugin along with *.ojj pro-
jects, ND2.view software viewer, the manuals and the templates.  

All the pictures in the different exercises came from samples collected during the sur-
vey 2016, except in the fixative exercise. The slides in the screening and POF staging 
exercises were scanned by IMR while the same pictures taken during the survey year 
were used in the atresia and fecundity exercises. 17, 15, 6 and 5 samples were available 
for POF staging, screening, atresia and fecundity exercises respectively. 

Particularly, the fixative exercise consisted of discussing in plenary the results obtained 
in a comparative study carried out on fixation of materials with the formaline-free fix-
ative “Finefix” and formaline for frozen and fresh gonad samples. 

Finally, participants were suggested to bring the micropipettes to the workshop for a 
trial with fresh gonads in the laboratory. 

 Standardization of ovary screening and analysis 

Before starting the exercise, descriptions of Hydration_stage, Egg_stage, Early_al-
pha_atresia, Massive_atresia, Spent and POF was discussed, in order to harmonize 
both the classification of the ovary and the interpretation of the template among par-
ticipants.  

In relation to the screening exercise, it was discussed in plenary whether the spoon 
subampling was satisfactory, because there is a concern this sampling may not be ad-
equate when looking for certain stages of oocyte development, i.e. related to hydration, 
and POFs. 
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New to this workshop was the usage of NDP.view2 for analysing the screening slides. 
After a quick explanation from IMR all participants agreed that it is very easy to work 
with the program and a great tool also for the workshop.  

Results are presented in section 4.4.1. 

 Standardization of POF staging criteria and analysis 

The POF staging criteria for identifying daily cohorts of spawners was reviewed before 
the exercise. It is an issue than remains difficult to harmonize among readers. It was 
agreed that indicators were needed to help decision-making in those POFs in transition 
between stages. The criteria on the number as well as the size of POFs were discussed 
to be a valid indicator, so it was decided to update the POFs staging criteria by modi-
fying the description and pictures and adding key characteristics. 

NDP.view2 viewer was used to carry out the POF staging exercise. 

Results are presented in section 4.4.2. 

 Standardization of alpha atresia criteria and intensity image analysis 

The early alpha atresia description was first addressed in order to harmonize the crite-
ria among participants. It was agreed that the description of atresia in the manual was 
not detailed enough, i.e. it was not clear whether both chorion layers should have a 
break more than twice the width to be classified as late alpha and needed further revi-
sion.  It was decided that if either chorion layer has any break more than twice its width 
is classified as late atresia and it is no scored then. 

ImageJ image analysis program with the ObjectJ plugin was used in this exercise after 
a presentation of IMR on the use of this tools. 

Results are presented in section 4.4.3. 

 Standardization of potential fecundity image analysis 

Each reader scored the whole mount images using ImageJ with the ObjectJ plugin fol-
lowing the instruction received before the exercise on the use of this tool. 

Results are presented in section 4.4.4. 

 Standardization of micropipette sampling 

During the workshop micropipette sampling trials were carried out with fresh plaice 
females, with ovaries at the late developing stage. Fresh mackerel gonads were not 
available at the time of the workshop. Some participants brought their institute pipette 
and plunger to test for their adequacy. Two Wiretrol micropipette sizes (50 and 100 
microliters) were tried for the ovary sampling. 
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4 Results 

4.1 Results of egg sorting exercise 

Two plankton sample rounds were prepared with a known number of fish eggs (a mix 
of mackerel and hake eggs typical for survey samples) present in each. Table 4.1.1 
shows the numbers of eggs removed by each use of the spray technique for the first, 
second, and third round. Most of the eggs, which were present in the samples, were 
removed during the first spray, improving the eggs extraction from the first to the third 
round from 51% to 68% respectively (Figure 4.1.1). During the second round, the ex-
traction of eggs was considerably higher already after the first spray and increased to 
almost 75 % after 3 spray extractions. In general, there were no wider fluctuations 
(CV=30%) in determining the number of eggs among participants despite of the inex-
perience of some of them (Figure 4.1.2). However, the spraying results became more 
consistent among participants during the second spraying exercise (Figure 4.1.2). At 
the end of the exercise, almost all participants removed more than 90% of eggs occurred 
in the samples. 

 

 

 

 

 

 

 

 

 

Figure 4.1.1: Cumulative percentage of eggs removed from the plankton samples for 1st 
round (left) and 2nd round (right). 
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Table 4.1.1:  Results of the exercise of the spray technique to remove fish eggs from plank-
ton samples for each team and the average values for  

Fish Eggs Round 1             

Participants Team 
1 

Team 
2 

Team 
3 

Team 
4 

Team 
5 

Team 
6 

Team 
7 

Team 
8 

Team 
9 

Team 
10 

Average 

# Eggs 130   

Spray #1 57 52 62 88 56 52 66 59 83 93   

Spray #2 25 5 23 20 4 6 4 13 1 8   

Spray #3 1 3 1 1 3 8 1 1 11 0   

Total Spray 83 60 86 109 63 66 71 73 95 101   

%removed 
spray 64% 46% 66% 84% 48% 51% 55% 56% 73% 78% 62% 

Rest 40 67 42 22 62 54 52 52 33 30 45 

TOTAL  re-
moved 123 127 128 131 125 120 123 125 128 131 126 

%removed 95% 98% 98% 101% 96% 92% 95% 96% 98% 101% 97% 

                  

Fish Eggs Round 2                   

Participants Team 
1 

Team 
3 

Team 
5 

Team 
9 

Team 
10 

Team 
2 

Team 
4 

Team 
6 

Team 
7 

Team 
8 

Average 

# Eggs 150 131   

Spray #1 87 98 95 90 93 102 99 102 87 101   

Spray #2 3 11 12 8 5 3 6 4 16 5   

Spray #3 0 3 0 3 0 0 0 0 0 0   

Total Spray 90 112 107 98 98 105 105 106 106 101   

%removed 
spray 60% 75% 71% 67% 65% 80% 80% 81% 79% 81% 74% 

Rest 44 35 38 42 40 18 10 6 22 18 27 

TOTAL  re-
moved 134 147 145 143 138 123 115 112 125 124 131 

%removed 89% 98% 97% 95% 92% 94% 88% 85% 95% 95% 93% 
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Figure 4.2: Number of eggs removed from the plankton samples using spray technique by 
participants for 1st round (upper) and 2nd round (lower). Black dashed line represents the 
arithmetic mean of the values. 

Special attention was paid to the hake eggs due to the hydrofuge nature of their cho-
rion. These eggs tend to cling to the air-water-interface and are, thus less susceptible to 
the spray method while staying afloat with the other plankton through the introduc-
tion of air bubbles. Figure 4.1.3 shows the number of floating eggs identified during 
the exercise by spray and participant. Results obtained in the 1st round are presented 
by each use of the spray technique (left) but in the 2nd round results are presented once 
the three sprays had been ended (right). 
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Figure 4.3: Number of floating eggs identified from the plankton samples for each use of 
spray technique by participants in 1st and 2nd rounds. Black dashed line represents the arith-
metic mean of the values.  

There is a high variability (>70%) in the extraction of hake eggs between participants. 
Here, the experience of the participants seems to play a significant role in the identifi-
cation: Not all floating eggs are hake, but only those that float as described in Porebsky 
(1975). Additionally, the final identification of these eggs has to be confirmed under 
the binocular, bearing in mind other characteristics such as the egg diameter and pig-
mentation of the embryo, if present. However, the exercise showed that the spray tech-
nique is in deed less efficient for hake eggs than for mackerel and horse mackerel eggs 
(Figure 4.4). 

 

 

 

 

 

 

 

Figure 4.4. Cumulative percentage by spray of identified hake eggs from the plankton sam-
ples for 1st round (left) and total percentage by sample of identified hake eggs from the 
plankton samples for  2nd  round (right). 

The results obtained corroborate the effectiveness of the spray technique in the separa-
tion of fish eggs from plankton. The method speeds up the fish egg separation process 
(75% after the 3rd spray) and is specially recommended for those plankton samples with 
high egg densities. 

4.2 Result of egg staging exercises 

The results of the egg staging exercises are given in Tables 4.2.1 to 4.2.12. 

julie
Stamp

julie
Stamp
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Tables 4.2.1 to 4.2.3 presents the results for each participant for the first round of anal-
ysis for eggs of all species (Table 4.2.1), for mackerel eggs (Table 4.2.2) and for horse 
mackerel eggs (Table 4.2.3). About half of the participants at the workshop were inex-
perienced; hence results of only the expert readers are presented separately (Table 4.2.4 
– 4.2.6). Tables 4.2.7 to 4.2.12 presents the results for the second round of analysis in 
exactly the same way. 

The original assessment of each egg, by each participant, for stage (and species), was 
input into a primary result table (not presented here). Once the results were available 
from every participant a modal stage could be calculated for each unvalidated egg (i.e. 
those not from fertilization experiments). This modal assessment of egg stage was pre-
sumed to be 'correct' although it does not necessarily mean that this was the true stage.  

Tables 4.2.1 to 4.2.12 summarize the results into six sub-tables labelled A-F, where the 
performance of each participant is judged against the modal egg stage. 

Sub-tables A show the number of eggs at each modal stage that were assessed by each 
participant.  The numbers at each modal stage will therefore be the same for all partic-
ipants that read all the eggs. 

Sub-tables B show the numbers of eggs at each stage as assessed by each participant. 

Sub-tables C show the over / underestimation of stage 1 (1a + 1b) by each participant. 

Sub-tables D show how well each participant's assessment of egg stage agrees with the 
numbers of eggs at each model stage. 

Sub-tables E show the percentage agreement of each participant's assessment of eggs 
in stage 1a+1b against the modal stage 1a+1b. 

Sub-tables F show the bias of each participant's egg staging against the modal stage i.e. 
how much their assessment of each egg stage varies from the modal stage. 

By studying the results presented in Tables 4.2.1 to 4.2.12, some encouraging improve-
ments in the consistency of egg staging between participants can be observed from the 
first to the second round of analysis. 

The overall agreement in egg stage for all species of eggs, in all stages of development 
was 65 % in the first round (Table 4.2.1). This increased to 78 % agreement in the second 
round of analysis (Table 4.2.7). The agreement between the expert readers was higher 
compared to overall and increased from 72 % to 83 % (Table 4.2.2 and 4.2.8). The overall 
agreement for all egg stages, for mackerel, increased from 64 % (Table 4.2.3) to 79 % 
(Table 4.2.9), for horse mackerel however, the score decreased from 87 % (Table 4.2.5) 
to 82 % (Table 4.2.11). For the experts agreement for all egg stages, for mackerel, in-
creased from 70 % (Table 4.2.4) to 82 % (Table 4.2.10), and for horse mackerel it de-
creased from 99 % to 87 % (Table 4.2.6 and 4.2.12). The horse mackerel results need to 
be treated with care, because only very few eggs of the various stages of horse mackerel 
were available for this staging exercise. In particular, the older stages were mostly lack-
ing in the two setups. 

The overall agreement for stage 1 (1a+1b) eggs, the most critical stages for the calcula-
tion of the annual egg production in both target species, showed improvements with 
an overall greater level of agreement, from 90 % in the first round to 99 % in the second 
round. (Tables 4.2.1 and 4.2.7). Agreement between the experts increased from 96 to 99 
% (Tables 4.2.2 and 4.2.8). The overall agreement of stage 1 eggs, for mackerel, in-
creased from 89 % (Table 4.2.3) to 100 % (Table 4.2.9), and for horse mackerel from 97% 
(Table 4.2.5) to 98% (Tables 4.2.11). For experts agreement of stage 1 eggs, for mackerel, 
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increased from 95% (Table 4.2.4) to 100% (Table 4.2.10), and for horse mackerel re-
mained at the same level 99% (Tables 4.2.6 and 4.2.12). 

The percentage agreement in allocating eggs to stage 1 (1a+1b) as a percentage over- or 
underestimation, are given in sub-tables C. Although the overall bias was reasonable, 
particularly in the first round of analysis, some individuals showed very high levels of 
bias. In the first round of analysis there was no overall bias with a mean over- or un-
derestimation of 0% for eggs of all species but individual bias ranged from an under-
estimate of -28% to an overestimate of 12% (Table 4.2.1). In the second round there was 
a slight overall overestimation of 2 %, but the range of individual bias reduced to be-
tween -1% to 6% (Table 4.2.7). For the experts the overall bias was an overestimate of 
2% for eggs of all species in both rounds but individual bias ranged from an underes-
timate of -1% to an overestimate of 8% (Table 4.2.2) in the first round. In the second 
round the range of individual bias was reduced to between 0% and 5% (Table 4.2.8). 

The mean over- or underestimation for stage 1 mackerel eggs (Tables 4.2.3 and 4.2.9) 
was -6 % in the first round and 2% in the second round of analysis. However, the bias 
of individual participants was much greater, ranging from -46% to 13% in the first 
round, but improving to between 0% to 7% in the second round of analysis. For experts 
the overall bias for mackerel stage 1 was -2% in the first round and 1% in the second 
(Tables 4.2.4 and 4.2.10). Individual bias ranged from -7% to 1% and narrowed to 0% 
to 4% in the second round. The overall bias for stage 1 horse mackerel eggs (Tables 
4.2.5 and 4.2.11) was 16% in the first round and fell to 1% in the second round of anal-
ysis. However, the bias of individual participants was again much greater, ranging 
from -62% to 18% in the first round, but improving to between -8% and 25% in the 
second round of analysis. For experts the overall bias for horse mackerel stage 1 was 
1% and 2% in the first and second round, respectively (Tables 4.2.6 and 4.2.12). Indi-
vidual bias for horse mackerel in the first round ranged from -7% to 0% and deterio-
rated from --8% to 25%. 
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Table 4.2.1. All eggs first staging. (A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each partici-
pant. (C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. (E) The percentage 
agreement by modal stage 1a and 1b combined, by each participant. (F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by 
each participant, in relation to the modal stage. For each table the combined result is also given. 
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Table 4.2.2.  All eggs first staging, expert readers only. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage.  
For each table the combined result is also given. 
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Table 4.2.3. Mackerel eggs first staging. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. 
For each table the combined result is also given. 
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Table 4.2.4. Mackerel eggs first staging, expert readers only. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. 
For each table the combined result is also given. 
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Table 4.2.5. Horse mackerel eggs first staging. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. 
For each table the combined result is also given. 
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Table 4.2.6.  Horse mackerel eggs first staging, expert readers only. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. 
For each table the combined result is also given. 
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Table 4.2.7.  All eggs second staging.(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage 
by each participant. (C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each 
participant. (E) The percentage agreement by modal stage 1a and 1b combined, by each participant. (F) The bias is indicated by the percentage over or 
underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. For each table the combined result is also given. 
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Table 4.2.8.  All eggs second staging, expert readers only. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. 
For each table the combined result is also given. 
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Table 4.2.9.  Mackerel eggs second staging.(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each 
stage by each participant.(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each 
participant. (E) The percentage agreement by modal stage 1a and 1b combined, by each participant. (F) The bias is indicated by the percentage over or 
underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. For each table the combined result is also given. 
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Table 4.2.10.  Mackerel eggs second staging, expert readers only. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. 
For each table the combined result is also given. 
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Table 4.2.11. Horse mackerel eggs second staging.(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated 
to each stage by each participant. (C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage 
by each participant. (E) The percentage agreement by modal stage 1a and 1b combined, by each participant. (F) The bias is indicated by the percentage over 
or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. For each table the combined result is also given. 
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Table 4.2.12. Horse mackerel eggs second staging, expert readers only. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. 
For each table the combined result is also given. 
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4.3 Results of the egg identification exercises 

The same trays of eggs, which were used for egg staging, were also used for the egg 
identification exercises. Some of the eggs used were from artificial fertilizations and so 
the species of those eggs was definitely known. It was hoped that by using eggs of 
known species any problems associated with identification would be highlighted 
clearly and better descriptions of each species could be prepared. 

The original assessment of species identification for each egg, by each participant, was 
put into a primary result table (not presented here). 

Summaries of the results from the two rounds of egg species determination are pre-
sented in Tables 4.3.1 to 4.3.4. About half of the participants at the workshop were in-
experienced; hence results of the expert readers are also presented separately. Each of 
these tables is divided into four sub-tables labelled A-D, where the performance of each 
participant is judged against the actual species and modal species determination. 

Sub-tables A show the number of eggs at each actual or modal species that were as-
sessed by each participant.  The numbers at each modal species will therefore be the 
same for all participants that read all the eggs. 

Sub-tables B show the numbers of eggs of each species as assessed by each participant. 

Sub-tables C show the percentage under or over-estimation by each participant for 
each species. 

Sub-tables D show the percentage agreement in species identification between the as-
sessment of each participant and the actual or modal species. 

The results highlight the difficulties in being able to positively identify eggs where 
there are few distinguishing features other than the size of egg and oil globule diame-
ters, particularly in the environment of the workshop. Information that would be help-
ful for identification, e.g. on origin and the environmental conditions of the eggs, was 
not given. Also participants were not able to perform the SAT test on individual eggs 
in the trays. Although after the first round of analysis there was some discussion on 
the features which aid fish egg identification, and some references and criteria were 
reviewed (see section 3.3.2) to help with the identification of eggs which are similar to 
those of mackerel and horse mackerel, the results of the second round did not show an 
overall improvement of species identification (Tables 4.3.1, 4.3.2, 4.3.3 and 4.3.4). Only 
for mackerel eggs, the percentage agreement increased from 93% to 98% with 
modal/actual species and for expert readers from 97% to 99%. For horse mackerel the 
agreement dropped from 82% to 72% for modal/actual species and for experts from 
89% to 83%. 
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Table 4.3.1.  Species identification with modal species, first identification. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. For 
each table the combined result is also given. 
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Table 4.3.2. Species identification with modal species, first identification, expert readers only. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. For 
each table the combined result is also given. 
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Table 4.3.3.  Species identification with modal species, second identification. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. For 
each table the combined result is also given. 
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Table 4.3.4. Species identification with modal species, second identification, expert readers only. 
(A) The numbers of eggs at each modal stage read by each participant. (B) The numbers of eggs allocated to each stage by each participant. 
(C) The over / underestimation of stage 1 (1a+1b) by each participant. (D) The percentage agreement by modal egg stage by each participant. 
(E) The percentage agreement by modal stage 1a and 1b combined, by each participant. 
(F) The bias is indicated by the percentage over or underestimation of each egg stage, as estimated by each participant, in relation to the modal stage. For 
each table the combined result is also given. 
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4.4 Results of the fecundity, atresia and POF staging exercises (ToR e) 

During the fixative exercise, it was concluded that fixation with formaline was better 
than with Finefix. Staging of oocytes was more complicated in Finefix compared with 
formaline. POFs and atresia analyses might be difficult in Finefix.  

In general, results of fresh material were better compared to frozen gonads both with 
formaline and Finefix. However, Ultrafrozen formaline fixed samples provided good 
quality histology, which is an important result when processing samples from the fish-
ery. The freezing process damages the cells in the ovary samples, but with the Ul-
trafreezing proces the fish, with the gonads separately, are rapidly frozen.  The Ultra-
frozen samples were from the freezer immediately put in formaldehyde, without thaw-
ing. The fast freezing process and non-thawing enhanced the quality of the histological 
samples considerably. These histological samples allowed for staging of oocytes. 

 Results of the ovary screening and analysis 

The discussed Hydration_stage and Egg_stage new options to choose from were added 
into the screening template. For Hydration_stage now four options are displayed: 0_no 
hydrated oocytes present, 1_early hydration, 2_advanced hydration and 3_late hydra-
tion. This used to be only 0_no hydrated oocytes present and 1_hydrated oocytes pre-
sent. For Egg_stage also four new stages were introduced: 0_eggs not present, 1_new 
eggs present, 2_residual eggs present and 3_new and residual eggs present. These 
stages are essential to better distinguish the females which are actually spawning.  

15 readers examined 15 screening slides. The average overall agreement for Hydra-
tion_stage was 90 %, for Early_alpha atresia was 89 %, for massive atresia was 92 %, 
for spent eggs was 90 %, for egg_stage was 80 % and for POF was 75 % (Table 4.4.1.1). 
As not all the participants are experienced the results for first 4 criteria look promising, 
the average overall agreement is around 90 %. For Egg_stage and POF the average 
overall agreement was lower and needs to be improved. For Egg_stage it seemed that 
the new system with 4 options and the criteria to distinguish them were not clear 
enough for all participants (Figure 4.4.1.1). Participants also had problems to recognize 
presence/absence of POFs in the slides, which is supposed to be easier than staging of 
POFs. Most likely the exercise of the POF staging will be beneficial for participants to 
recognize POFs and improve this skill for the actual survey next year. 

There was disagreement in Spent in some samples, basically due to the different inter-
pretation of the phase of the reproductive cycle at which the ovary was captured, i.e. 
recovery and again developing new oocytes versus spent and some oocytes left that 
will later enter atresia. It was decided that even if cortical alveoli oocytes are present in 
ovaries apparently at Spent, they are classified at Spent. 
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Table 4.4.1.1. Results of the screening analyses exercise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the results of the screening exercise, few samples with the highest disagree-
ment in several stages were discussed in plenary (Figure 4.4.1.1): 

• S04: Half of the readers noted presence of POF and half not. It was agreed 
that these structures classified as POFs were old stages of POFs in any case, 
which do not affect the sample selection for the spawning fraction estimation.   

• S10: There was no massive atresia, due to that almost all vitellogenic were 
reabsorbed. 

• S14: There was no Egg_stage but Hydration_stage because almost all hy-
drated oocytes were surrounded by follicle layer and no recent postovulatory 
follicles were present. 

• S15: There was no Egg_stage but Hydration_stage because almost all hy-
drated oocytes were surrounded by follicle layer and no recent postovulatory 
follicles were present. 

Description for a few stages are clarified from those included in the manual (SISP 5) in 
order to improve the identification of them:  

Spent: a fish is spent when it will not spawn any more in the present reproductive 
season. Fish are sexually mature but reproductively inactive. Typically, ovaries are 
characterised by atresia, abundant capillaries with blood cells, possibly POFs, and few 
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(if any) healthy vitellogenic oocytes; in a more advanced spent phase, the most ad-
vanced oocyte stage is PG oocyte (potentially CA), late-stage atresia, and a thicker ovar-
ian membrane than is seen in immature fish.  

Egg: A hyaline egg is fully ovulated, and the follicle layer is not around the cell any-
more. Besides, recent POFs are present too. Otherwise it is considered a hydrated oo-
cyte or a residual egg. 

 

  

Figure 4.4.1.1. Mode and percentage of non-agreement among readers for each of the mark-
ers of screening; where red point is the mode and the size of the black bubble is the percent-
age of non- agreement. 

The results obtained within a comparative study between spoon method and section 
method showed that  both method are similar regarding the detection of Migratory 
nucleus stage and POFs, but not residual eggs; the spoon method target this stage on 
fewer occasions.  Besides, there are significant differences between both methods when 
POF staging; stages tend to be earlier in the spoon method than in the section method. 
This is probably due to tissue arrangement into the histoblocks. It is necessary to re-
member that the classification criterion is based on the section method. 

 The Results of the POF staging criteria and analysis 

11 readers analysed 11 slides of about 17. 6 slides were excluded do it tight schedule. 
The overall agreement for the slides was only 47 % (Table 4.4.2.1).  To identify POFs 7 
stages are being used although for the analyses they are later decreased to only 3 daily 
stages. None of the slides had an overall agreement of 100% and the sample P11 had 
only an agreement of 18 % (Figure 4.4.2.1). Not only is it difficult to see the differences 
in POF stages but also to distinguish POFs from atresia. 
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Table 4.4.2.1. Results of the screening analyses exercise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.2.1. Mode and percentage of non-agreement among readers for POF stage by sam-
ple; where red point is the mode and the size of the black bubble is the variance. 

Due to the high disagreement (Figure 4.4.2.2), three samples were revised in plenary: 

• P11: This sample showed the highest variance among participant.  
• P13: This sample showed a clear mode although still different stages were 

identified above and below the mode. POF stage was not further than day 1: 
the lumen is clearly visible, and theca and granulosa are still quite well ar-
ranged.  

• P14: This sample was divided between readers staged as POF being present 
or absent. Late POFs may be confused with atresia, but there is no problem 
between no POF and very late ones in relation either to fecundity calculations 
or Spawning fraction estimation. 

type Sample_ref mode frecuency Perc_Agreement  
POF.Stage P10 3 5 45.5  
POF.Stage P11 3 2 18.2  
POF.Stage P12 5 4 36.4  
POF.Stage P13 2 7 63.6  
POF.Stage P14 0 4 36.4  
POF.Stage P15 3 8 72.7  
POF.Stage P16 3 6 60  
POF.Stage P17 1 5 50  
POF.Stage P7 3 5 45.5  
POF.Stage P8 3 2 66.7  
POF.Stage P9 4 5 45.5  
POF.Stage P10 3 5 45.5  
POF.Stage P11 3 2 18.2  
POF.Stage P12 5 4 36.4  
POF.Stage P13 2 7 63.6  
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Figure 4.4.2.2. Frequency distribution of POF stages classified by  readers in  the samples. 

The Results of alpha atresia image analysis 

1 ovary sample was used in the calibration exercise. 11 readers examined the sample 
corresponding to 3 images of histological slide. The number of points counted by par-
ticipants ranged from 58 to 115, while the number of profiles did from 6 to 17 (Table 
4.4.3.1). The number of points out of the ovary section, i.e. negative grid, ranged from 
15 to 45.  

Table 4.4.3.1. Results of the atresia exercise. 

Due to high variance (Figure 4.4.3.1), image by image was discussed and agreed both 
points and profile counting in plenary. The total number of points was 93 and  number 
of profiles  9 (Table 4.4.3.1 and “@” in Figure 4.4.3.1. Violin plot for the scores in both 
the number of points and the number of profiles, where “@” is the score in the joint 
exercise (Violin plots allow to visualize the distribution of a numeric variable using the 
kernel probability density of the data at different values). Right plots show the range 
of the scores (red bars) as well as the mean (blue segment) and the standard deviation 
(empty boxes) for both number of points and number of profiles.). Negative grid was 
agreed to be 44. 

Reader YV YV-YG YG NegGrid Extra YV-P YV-YG-P YG-P
reader_01 31 35 33 30 0 4 4 5
reader_02 0 0 78 43 0 0 0 0
reader_03 0 94 0 31 0 0 11 0
reader_04 0 58 0 32 0 0 6 0
reader_06 17 68 0 27 0 3 9 0
reader_05 0 95 20 44 0 0 9 1
reader_07 0 0 92 38 0 0 0 11
reader_08 0 75 0 43 0 0 6 11
reader_09 14 59 0 14 0 2 7 0
reader_10 66 45 0 45 0 8 6 0

Plenary 0 93 0 44 0 0 9 0
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Figure 4.4.3.1. Violin plot for the scores in both the number of points and the number of pro-
files, where “@” is the score in the joint exercise (Violin plots allow to visualize the distribu-
tion of a numeric variable using the kernel probability density of the data at different val-
ues). Right plots show the range of the scores (red bars) as well as the mean (blue segment) 
and the standard deviation (empty boxes) for both number of points and number of profiles. 

 Results of potential fecundity image analysis 

11 readers analysed 1 whole mount sample corresponding to 4 pictures. Automatic 
counting turned out quite well where the number of oocytes ranged from 524 to 532 
with same mean diameter (Table 4.4.4.1 and Figure 4.4.4.1 ). However, manual count-
ing of number of oocytes showed a wider range between 126 and 236 (Table 4.4.4.1 and 
Figure 4.4.4.2). 
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Table 4.4.4.1. Results of the fecundity exercise. 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.4.1. Violin plot for automatic counting results, where the red dot is the mean di-
ameter and the blue triangle is the mode. Violin plots allow to visualize the distribution of a 
numeric variable using the kernel probability density of the data at different values. 

 

Figure 4.4.4.2. Number of ovocites estimated in the whole mount sample using manual 
counting method; where the red line is the average number of oocytes among readers. 

It was concluded that when manually counting, there is high variance on the number 
of oocytes due to probable differences on identifying the oocytes above 185 micron 
among readers. 

Manual counts Automatic counts
reader mode max_diam min_diam mean_diam number reader mode max_diam min_diam mean_diam number
reader_11 185 185 185 185 158 reader_11 440 548 250 402 531
reader_01 185 185 185 185 185 reader_01 440 548 250 402 524
reader_02 185 185 185 185 128 reader_02 440 548 250 402 531
reader_03 185 185 185 185 185 reader_03 440 548 250 402 532
reader_04 185 185 185 185 147 reader_04 440 548 250 402 530
reader_06 185 185 185 185 126 reader_06 440 548 250 402 529
reader_05 185 185 185 185 158 reader_05 440 548 250 402 532
reader_07 185 185 185 185 236 reader_07 440 548 250 402 531
reader_08 185 185 185 185 208 reader_08 440 548 250 402 528
reader_09 185 185 32 184 146 reader_09 440 548 250 402 531
reader_10 185 185 185 185 205 reader_10 440 548 250 402 530
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 Results of micropipette sampling 

The micropipette exercise was particularly useful for those WK participants who in the 
past had problems collecting the ovary pipette samples for fecundity as well as for 
those, who will undertake that sampling for the first time in 2019. It appeared that the 
problems with the pipette sampling in the past occured due to malfunctioning plung-
ers. New plungers were available at the WK and all participants were able to experi-
ence the difference between a malfunctioning and correctly functioning pipette plung-
ers. 

4.5 Update the set of standard pictures for both oocytes and POFs stages (ToR f) 

The description and accompanying pictures for both oocyte development stages and 
POFs stages have been updated during the workshop and included accordingly in the 
fecundity manual SISP 5. 

4.6 Harmonize the analysis and interpretation of fecundity and atresia analysis 
(ToR g) 

As described above, during the workshop the analysis and interpretation not only of 
fecundity and atresia but also the previous screening analyses were harmonized. POFs 
staging remained difficult to harmonize but the updates of the manual w.r.t. the de-
scription as well as the pictures will hopefully improve the analysis. 

4.7 Review the methodology in use and available documentation on fecundity 
determination in order to redefine standard protocols (ToR h) 

All the material, documentation and protocol, were reviewed during the workshop 
and new methodology was introduced i.e. NPD.viewer2, to the satisfaction of the par-
ticipants because it improved comfort of the working and the quality of the results. 
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5 Discussion 

In a plenary session it was discussed what the results of the workshop represent and if 
results could be used in the assessment of the total egg productions. The goal of 
WKFATHOM is to refresh the analysts participating in the mackerel and horse macke-
rel egg surveys. The surveys are carried out triennially and for most survey partici-
pants egg identification and staging and fecundity estimation are only carried out in 
the survey year. Hence it is necessary for survey participants to prepare before going 
on the survey. Therefore, the results of these workshops should not be used as an in-
dication of the actual egg identification and staging and fecundity estimation. To 
achieve just this, ring tests should be carried out during or after the survey to assess 
the performance of survey participants. 

For new participants to the survey, the WKFATHOM workshops can be a first ac-
quaintance with egg identification and staging as well as fecundity analyses. However, 
it should be realized that one week of egg staging and identification and/or one week 
of fecundity and atresia estimation is not a full course to create experts in these fields. 
It is the responsibility of the individual participating institutes that (new) survey par-
ticipants receive the required training. 

5.1 Egg sorting exercise and SAT test 

During the egg workshop two spray exercises were done with samples that contained 
as well mackerel as hake eggs. The sample was sprayed three times and the remaining 
part of the sample was also analysed for the presence of eggs. If eggs were found a SAT 
test was done. 

The results of the first round showed that the participants managed to find at least 96% 
of the eggs that were in the sample. The SAT test showed, however, that not only hake 
eggs were floating but some mackerel eggs as well. Besides this, still a high percentage 
of eggs were found in the remainder of the sample after spraying. The eggs that were 
used in this experiment were fairly old so it was decided to use “fresher” eggs for the 
second round. 

In the second round the percentage of eggs found by some participants decreased, the 
lowest percentage of recovered eggs was 85%. The results of the SAT tests were more 
according to what was expected. Most of the eggs that were floating in the SAT test 
were found in the remainder of the sample after the spraying and were probably hake 
eggs. Under the microscope, it also became apparent, that while applying the SAT, 
hake eggs emerged partly through the water surface and reflected the light while 
mackerel eggs never did so. 

5.2 Egg staging and identification exercises 

The criteria for staging mackerel eggs (Lockwood et al., 1977) and horse mackerel eggs 
(Pipe and Walker, 1987) have been used by WGMEGS participants since the instigation 
of the triennial surveys. Following discussions at previous egg-staging workshops 
(ICES, 2001; 2004; 2007; 2009; 2012; 2015b), and further consultations at this workshop, 
these egg staging criteria have been reviewed (section 3.2.2). These characteristics are 
the result of many years of personal experience (from various participants) in staging 
preserved fish eggs from plankton samples. 

During the first round of the egg staging and identifying exercise the main discussion, 
regarding mackerel eggs, was with the stage 1A and 1B and stage 5. Apparently stage 
1B and stage 5 mackerel eggs were not present in the exercise but some participants 
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did score these stages. To clarify the characteristics that separate these from the other 
stages several mackerel 1A and 1B and stage 5 eggs were shown on the projector and 
discussed. Only a few horse mackerel eggs were present in the first roung, the majority 
of them of stage 1A. In this stage the segmentation of the yolk-sac is clearly visible and 
makes it easy to distinguish from the other species. Because of this, most participants 
were well able to distinguish some hake eggs that were present in the trays, because 
they lack this feature. In the second round, more horse mackerel eggs, also more of the 
later stages, were present in the trays. This would probably explain the decrease in the 
overall agreement for the identification of horse mackerel eggs. What also caused prob-
lems for participants in both identification rounds, however, was the presence of ling 
eggs. Their size is well within the lower range of mackerel eggs and they have a large 
oil droplet as well. It was pointed out, that the eggs of ling are more likely to occur in 
colder water (< 8.5 °C) and that water temperature could be an indicator for the pres-
ence of ling eggs. It would be helpful to get more ling eggs for the next workshop and 
to collect further information on the correlation between temperature and the presence 
of ling and mackerel eggs.  

Most of the mackerel eggs used for the exercises were validated mackerel eggs that 
were used in the temperature experiments of the Netherlands. The mackerel eggs were 
in very good condition while some of the eggs of other species were very old and often 
in bad condition, which made it easier the recognize mackerel eggs. It was also noticed 
that mackerel 1A eggs from survey’s are most of the time coloured inside while the 
mackerel 1A eggs from the temperature experiment were transparent.  

The first eggs staging and identifying exercise and the discussion afterwards clearly 
helped to identify mackerel 1A and 1B eggs. The overall agreement for the participants 
increased from 89% to 100% which looks very promising for the next year survey’s. 
Clearly also the inexperienced participants improved their skills. 

To be able to properly train the participants during these workshops it is imperative to 
have samples of good quality eggs of the main species: mackerel, horse mackerel, hake, 
megrim and ling. All participants of the WGMEGGS 2019 are therefore requested to 
collect eggs of these species, preferable validated from artificial fertilization experi-
ments. It would also be good if information on the origin of the eggs would be given 
to aid the identification. For samples of the surveys, these data are always available, 
providing assurance for the quality of the identification. 

5.3 Fecundity, atresia and POF staging (ToR e) 

 Ovary screening and analysis 

Apart from improving the definitions of certain phases of the ovary (see section 4.4.1) 
and detailing histomorphological aspects of oocyte stages, i.e. what is transferred to 
templates, it was agreed that taking a section of the ovary instead of a spoonful would 
improve screening as updated in the manual (SISP.5). On the one hand, POF staging 
will be improved which is essential to the estimation of spawning frequency and on 
the other hand, the presence of spawning markers will be more likely to detect, which 
will improve potential fecundity estimates. 

 POF staging criteria and analysis 

The WKFATHOM came up with a criteria to stage POFs, but because there are too 
many exceptions to the criteria, it continues being difficult for the participants to agree. 
However, few key features were agreed to define the transition of POF stages, which 
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in some cases is critical because these consecutive stages belong to different daily co-
horts. 

 Alpha atresia criteria and intensity image analysis 

The decision to classify an oocyte as late alpha atresia if the chorion layer has any break 
more than twice its width helped the readers to identify early alpha atresia profiles. 
The results of the atresia exercise have reminded the participants that profile touching 
the forbidden line are not counted but points do. Besides, when the ovary membrane 
is open, only those negative points that would have fallen out if the membrane was 
closed should be counted. As these are frequent omissions, it was agreed that it is a 
good practice to do it together with more than one person. 

 Potential fecundity image analysis 

Due to the variance observed, it was recommended that when manual counting, read-
ers must stick to the manual, i.e. the oocyte should completely fill the circle in ImageJ 
to be included in the manual counting; if there is a hole must be leave it. 

 Micropippette sampling analysis 

The experience in the laboratory showed that it is essential to have fecundity sampling 
material in an adequate state of maintenance. The plunger seems to be sensitive to the 
regular use and requires to be checked if loose or not, so that there are no problems at 
the time of sampling and the sample is collected properly. 
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6 Other items discussed at the workshop 

6.1 MEGS on board procedures for collecting mackerel and horse mackerel eggs 

Each survey participant presented their procedures for collecting and analysing plank-
ton samples on board their vessels. The procedures are summarized in the following 
section and give a good overview of the different ship board applications of each par-
ticipating country. 

Scotland 

• Scottish version of a Gulf VII sampler, SCANMAR sensor for depth, temper-
ature and salinity, internal and external flowmeter 

• In-house RADOS system for monitoring depth during haul and trawl haul 
data 

• After 3 hours fixation picking of eggs 
• Second pick after 36 hours fixation 
• Third pick if necessary 
• Species staged, MAC, HOM, HAK, Lin identified, rest others 
• No subsampling, all eggs counted, no need to subsample because samples 

are small 
• Leica MZ6 stereomicroscope, calibrated eye piece graticule 

Germany 

• Hydrobios Nackthai sampler with Hydrobios CTD, internal and external 
flowmeter 

• Samples fixed for 12 hours in formaldehyde 
• Sample sprayed 
• Spraying repeated 2 to 3 times 
• Eggs sorted and identified and staged under microscope 
• Check samples for remaining eggs in the lab after the survey 
• Subsampling is done, mix sample and take a pipette sample, all eggs are 

counted 

Ireland 

• Gulf VII sampler with Hydrobios CTD, internal and external flowmeter 
• Normally have a live feed from the CTD, except when on commercial vessel, 

than SCANMAR is used. 
• Crew wash the net down and bring codend to the lab 
• First pick after 1 to 3 hours 
• Second pick after 36 hours 
• No subsampling, all eggs counted 
• Summer, use spray technique  
• All samples sorted and eggs identified and staged on board, might not be the 

case on commercial vessel 

The Netherlands 

• Gulf VII sampler with Seabird CTD, with internal and external flowmeter 
• Live feed of depth, temp and salinity 
• Crew wash down the net and bring sample to the lab. Camera is available to 

check the washing of the net by the crew 
• After 24 hours fixation sort eggs using spray technique 



 

 

58  | ICES WKFATHOM2 REPORT 2018 
 
 

• Spray few times until few eggs remain, after that check manually 
• Image analyses to identify and stage the eggs, using ObjectJ 
• Subsampling when necessary using a Folsom splitter 

Spain, IEO 

• Bongo40 sampler, internal flowmeter 
• Seabird 25 or 37 attached. CTD measurements separately from the Bongo 

sample 
• In March also use CUFES specifically for sardine eggs 
• One sample in formaldehyde, one in ethanol 
• Formaldehyde sample eggs are identified and staged on board, check sam-

ples in the lab after return from the survey 
• All eggs are counted, and for staging eggs are subsampled. 

Spain, AZTI 

• Bongo40 with an RBR-CTD and manual flowmeter. 
• SCANMAR for live-feed of depth of the net 
• Once a day CTD data are down-loaded 
• Sample fixed in formaldehyde 
• At end of the transect check the sample for eggs 
• After 48 hours sort eggs 
• Spray method used for large samples, otherwise manual sorting 
• Identification under stereomicroscope 
• All eggs are counted, for staging samples are subsampled using a Folsom 

splitter 

Faroese 

• Have been using a Bongo with Seabird CTD. For 2019 survey will use a Gulf 
VII sampler with Seabird CTD and internal and external flowmeters 

• Two shifts, one will sort and other will identify 
• Subsampling will be used 

Portugal 

• CalVET40, 150 um 
• Also CUFES and Bongo60 (200 and 500 um) 
• CTDF and thermo-salinometer 
• Vertical tows 3 to 5 m from the bottom 
• If eggs appear in CUFES a CalVET sample is carried out. If no eggs appear in 

CUFES two stations in a row, the transect is ended. 
• One sample in formaldehyde, other in ethanol 
• Sorting, identification and staging done in the laboratory after the survey 
• Staging in 11 stages 
• Ethanol samples used for genetic identification of fish eggs 

Norway 

• Gulf VII sampler with Hydrobios CTD, internal and external flowmeters 
• Formaldehyde fixed eggs 
• Use image analyses for identification and staging 
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Denmark 

• In the Baltic for their cod egg survey use the Bongo60 with 500 and 350um 
mesh with a baby-bongo with 150um mesh 
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Annex 2:  Agenda 

Annex 2a. Agenda for the WKFATHOM-egg identification meeting in Bremerhaven, 
Germany, 8 –12 October 2018. 

Monday 8th October 

10:00 Start of the meeting, practical stuff etc. 

10:15 Introduction round, practicalities, division of tasks, etc. 

10:30 Presentation: The mackerel and horse mackerel egg survey (MEGS): Identifica-
tion and staging of fish eggs – Matthias Kloppmann 

11:00 Presentations: The participating institutes – short presentation by representatives 
of the participating institutes on their egg surveys 

12:30 Lunch 

13:30 Identification and staging of a couple of fish eggs in plenary 

14:30  
• 1st round of egg identification and staging (ToR b) 
• 1st round Spray Method (ToR a) 

17:30 End of the day 

Tuesday 9th October 

09:00  
• Continue 1st round of egg identification and staging  (ToR b) 
• Continue Spray method (ToR a) 

12:30 Lunch 

13:30  
• Finish 1st round Spray method (ToR a) 
• Finish 1st round of egg identification and staging  (ToR b) 

14:30  
• Planning for the 2019 survey – Brendan O’Hea  
• Update survey manual and standard protocols – Jens Ulleweit (ToR d) 

17:30 End of the day 

Wednesday 10th October 

09:00 Discussion of results of 1st rounds of Spray Method and of egg identification and 
staging (ToR b) 

12:30 Lunch 

13:30  
• 2nd round of egg identification and staging (ToR b) 
• 2nd round of Spray method (ToR a) 

16:30 End of the day 

17:30 Visit of the Historic Museum of Bremerhaven 

19:00 Dinner at the “Seute Deern” Restaurant 
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Thursday 11th October 

09:00 
• Continue 2nd round of egg identification and staging  (ToR b) 
• 2nd round Spray method (ToR a) 
• Update pictures and descriptions and review available information on spe-

cies identification and egg staging (ToR c and d) 
• Write report 

12:30 Lunch 

Thursday 11th October (continued) 

13:30  
• 2nd round Spray method (if necessary, ToR a) 
• Finalize standard pictures and descriptions set for both species (ToR c and d) 
• Update survey manual and standard protocols – Jens Ulleweit (ToR d) 
• Write report, recommendations 

17:30 End of the day 

Friday 12th October 

09:00  
• Discussion of results of 2nd round of egg identification and staging (ToR b) 
• Discussion of results of the spray method 
• Finalize survey manual and standard protocols (ToR d) 
• Finalize report, recommendations etc 

12:30 End of the meeting 
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Annex 2b. Agenda for the WKFATHOM-fecundity estimation meeting in Bergen, 
Norway, 19–23 November 2018. 

 

 

Monday 19 November: Introduction and state of the art 

10:00 Start of the meeting, domestics (WUR) 

10:15 Introduction round. 

10:25 WKFATHOM: Objectives and agenda (working plan for the week) (AZTI) 

10:35 Presentations: State of the art 

 • WGMEGGS: adult sampling design (to be decided) 

 • AEPM/DEPM: adult sampling on board and procedures (All Institutes) 

 • Samples labelling and packaging (IMR) 

 • Overview: Templates, Parameters, Rings-tests (WUR) 

11:30 Lab practice: Introduction to image analysis (IMR) 

 Lab practice 1 

 • Introduction to fixation issue (WUR) 

 • Histological slides reading from pictures. 

12:30 – 13.30 Lunch break 

13:30 – 17:00 Lab practice 2 

 • Introduction to screening analysis (IMR) 

 • Demonstration of NDP.View2 

 • Screening analysis from pictures 

 Discussion: Results and % of agreement. Improvement. 

17:00 Plenary. 

17:30 End of the day. 

 

Tuesday 20 November: DEPM 
 

9:00 -12:00 Presentations 

 DEPM: adult sampling, sample procedure and analysis (IEO) 

 DEPM: adult sampling, sample procedure and analysis (IPMA) 

 WGALES: Spawning fraction (IMR/WUR) 

 Plenary 

12:00 Lab practice 3 

 • Introduction to POF stages identification (IEO) 

 • POF staging from histological slides  

12:30 – 13.30 Lunch break 

13:30 – 17:00 Lab practice 3 

 • POF staging from histological slides (if not finished). 

 • Discussion: results and % of agreement. Improvement. 

 • Modifications in the manual. 

17:00 Plenary 

17:30 End of the day. 
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Wednesday 21 November: AEPM 
 

9:00 -12:00 Presentations 

 AEPM: adult sampling, sample procedures and analysis (AZTI) 

 AEPM: fecundity (IEO) 

 AEPM/DEPM: Comparative spoon vs ovary section for screening (IEO) 

 Plenary 

12:00 Lab practice 4 

 • Introduction to atresia (IMR) 

 • Atresia estimation from images.  

 Micropipettes test 

12:30 – 13.30 Lunch break 

13:30 – 17:00 Lab practice 4 

 • Atresia images from scanner images (if not finished). 

 • Discussion: results and % of agreement. Improvement. 

 • Modifications in the manual. 

17:00 Plenary 

17:30 End of the day. 

19:00 Dinner 

 

Thursday 22 November: Related issues 

9:00 -12:00 Lab practice 5 

 • Introduction to fecundity analysis (IMR) 

 • Fecundity analysis from pictures  

 • Discussion: Results and % of agreement. Improvement. 

12:00 Presentations 

 Year of the mackerel (WUR) 

 CLIMRATES (IMR) 

12:30 – 13.30 Lunch break 

13:30 – 17:00 Subgroups 

 • Manual AEPM/DEPM 

 • Report 

17:00 Plenary 

17:30 End of the day. 
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Friday 23 November: Report and close 
 

9:00 -12:30 Plenary 

 Report 

 Manual 

 ToRs and recommendations 

12:30 End of the workshop. 
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Annex 3:  Recommendations 

RECOMMENDATION ADRESSED TO 

1. It is recommended that all WGMEGS participants carry out artifi-
cial fertilizations of any species, which have eggs similar to those of 
mackerel and horse mackerel. It would be useful if egg and oil glob-
ule diameters are measured and that photographs are taken of as 
many stages as possible. It would also be beneficial if the eggs were 
preserved at various stages of development and any morphological 
changes noted following fixation. These eggs should be made availa-
ble for analysis during the next workshop (scheduled for 2021). 

WGMEGS 

2. All survey participants are requested to measure formaldehyde pre-
served egg diameters and oil droplet diameters of 100 hake, 100 
mackerel and 100 horse mackerel eggs during each individual cruise, 
to identify changes in egg diameter over spawning time and area. 
Also the development stage should be reported. Hake measurements 
should only be included from SAT removed eggs. 

WGMEGS 

3. All survey participants are requested to investigate genetic or other 
molecular (MALDI-TOF) analyses of fish eggs to aid species identi-
fication. 

WGMEGS, WGALES 

4. WKFATHOM recommends that institutes provide continuity of 
staff to carry out the plankton identification and staging to ensure a 
high quality standard of the survey. It is the institutes responsibility to 
provide appropriate training for new staff in advance of the survey. 
This should be done through institute workshops, as one week of 
training during WKFATHOM is not enough to turn trainees into ex-
perts. 

WGMEGS, WGALES 

5. WKFATHOM encourages exchanges of staff between participat-
ing institutes, to allow exchange of knowledge and increase expertise 
amongst survey participants. 

WGMEGS 

6. All survey participants should take pictures of mackerel, horse 
mackerel and also species with similarly sized eggs in the different 
development stages of formaldehyde fixed eggs. 

WGMEGS 

7. T-S data from the MEGS should be included into the egg and lar-
vae database 

ICES data centre, DIG 
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